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A Combined AHP-PROMETHEE Approach 





This paper describes the use of the Analytic Hierarchy Process (AHP) and Preference Ranking Organization Method for Enrichment 
Evaluation (PROMETHEE) method for predicting risk of leakage in a storage tank. This is the first time AHP and PROMETHEE have 
been used in this way. Important decisions about day to day operations are continually made in a petroleum environment. Storage 
tanks in refineries contain large volumes of flammable and hazardous liquids. Decision processes need to evaluate and select 
alternatives with a higher probability of resulting in a hazard, among many different alternatives. The new model described in this 
paper will aid decision makers to predict which tank is likely to develop a leak and determine what criteria (source of risk) could result 
in a leak. Although the case study deals with a specific risk prediction problem, the combination of AHP and PROMETHEE methods 
can be applied to other decision problems. 
Keyword: AHP; Decision making; Multi-criteria analysis; PROMETHEE; Risk prediction. 
1. Introduction* 
This paper describes the use of the Analytic Hierarchy 
Process (AHP) and Preference Ranking Organization 
Method for Enrichment of Evaluation (PROMETHEE) 
method for predicting risk in a storage tank. This is the 
first time AHP and PROMETHEE have been used as a 
hybrid model in this way. 
Hazardous and flammable liquids in refineries are often 
in large volumes. Any form of accident could often lead 
to millions of dollars in property loss, interruption in daily 
operations, accidents, lawsuits, assets devaluation, or 
even company bankruptcy [1]. Decisions about day to day 
operations are continuously made in a petroleum 
environment. Decision making is often considered as a 
process where alternatives are analyzed to pick a choice 
or a course of action to meet set aims and goals [2]. These 
decisions impact on risks associated with accidents or 
incidents.   
This paper considers the evaluation of choices and 
selection of the alternative with a higher probability of 
resulting in a hazard (leak) among different alternatives. 
The solution of this multi-criteria decision problem helps 
decision makers to use labour and time efficiently and 
productively. This could better meet the needs and goals 
of a company or organisation. 
Different methods have been adopted to aid decision 
problems. Examples of multi-criteria decision problem 
methods include the Analytic Hierarchy Process (AHP) 
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[3], Analytic Network Process (ANP) [4], Technique for 
Order Preference by Similarity to Ideal Solution 
(TOPSIS) [5], Multi-Criteria Optimization and 
Compromise Solution (VIKOR) [6], Elimination and 
Choice Expressing Reality (ELECTRE) [7] and 
Preference Ranking Organization Method for Enrichment 
Evaluation (PROMETHEE) [8].  
The research described in this paper created a new hybrid 
model for predicting risk by combining two methods, 
AHP and PROMETHEE.  A model with 4 criteria divided 
into 12 sub-criteria was created to select the storage tank 
with the highest probability of leak. AHP was applied to 
determine the weights of the criteria, then the tank with 
the highest probability of a leak was determined via 
PROMETHEE by using the weights calculated by AHP. 
2. AHP and PROMETHEE 
AHP and PROMETHEE are MCDM methods that have 
been used in recent oil and gas studies. Ying et.al used 
AHP to investigate the risk of oil spill from a port tank 
region based on fuzzy complete evaluation [9].  
AHP and TOPSIS were applied by Bing et.al to plant 
preference for phytoremediation of oil-polluted soils in 
shale gas and oil terrains [10]. PROMETHEE method 
was presented by Brans and Vincke as an effective 
MCDM mechanism for ranking projects [11]. AHP and 
PROMETHEE are briefly described in the next two sub-
sections. 




AHP was developed by Thomas L. Saaty in 1971-1975 
[3]. It represented a mathematical expression for humans’ 
perception of complex problems in a hierarchical model. 
Saaty recognised AHP as an effective method that 
allowed decision makers to understand the relationship 
between goals, criteria and alternatives [12]. Saaty and 
Vargas described AHP as a model based on pairwise 
comparisons, using expert judgment to design priority 
scales and create mathematical models of possible 
solutions [13]. The aim of developing AHP was to 
support analytical decisions where several alternatives 
were assessed with relevance to several criteria [13]. 
Ishizaka & Labib described how decision makers could 
use AHP to solve a problem with various contradictory 
criteria by cutting down a multifaceted situation into 
easier sub-situations then combining the results of all sub-
situations into one result [14]. AHP used proficient 
assessments to develop priorities and implement pairwise 
comparisons to ascertain how significant one alternative 
was to another with respect to a specific criterion [15]. A 
simple AHP model composed of three levels can be seen 
in Figure 1. 
 
Figure 1: Analytical Hierarchy Process hierarchy model [4] 
The first level of the hierarchy shown in Figure 1 defines 
the purpose of the decision process, the second level 
describes the collection of criteria by which alternatives 
were evaluated and the last level shows the set of 
alternatives considered for the problem [13]. 
The AHP application can be described with the following 
systematic approach [16]: 
1. Problem is formulated hierarchically. The goal, main 
criteria, sub-criteria and alternatives should be defined. 
2. Pairwise comparisons and relative importance are 
derived.   
3. Consistency of pairwise comparison matrices is checked. 
If the consistency ratio (CR) is equal to or less than 0.1, the 
comparisons are considered consistent. 
4. Priorities of alternatives are calculated by combining the 
weights of criteria and ratings of alternatives. The weight of 
each criterion is derived using pair wise comparisons  
Saaty proposed a consistency index (CI) and calculated it 




                                                                     (1)                                                                                                                                          
Where λmax = maximal eigenvalue. 
The Consistency Ratio (CR) was given by: CR = CI/RI, 
where RI was the Random Index (RI) [3]. 
 
2.2 PROMETHEE  
PROMETHEE, stands for Preference Ranking 
Organization Method for Enrichment of Evaluation, was 
developed by Brans [8] and further developed by Brans 
and Vincke [17].  PROMETHEE methods are 
outranking methods, where deterministic pairwise 
comparisons and an ordinal preference structure are 
used to provide a complete ranking (PROMETHEE II) 
or partial ranking (PROMETHEE I) of a discrete 
collection of alternatives. 
The application of PROMETHEE required weights for 
criteria and a preference function representing each 
criterion [18]. An outranking chart was constructed 
using a preference index [17]. Brans and Maraschal [11] 
listed these functions as: Usual criterion, U-shape 
criterion, V-shape criterion, Level criterion, V-shape 
with indifference criterion and Gaussian criterion 
functions as shown in Figure 2.  
PROMETHEE methods applied the following steps:  
• Define the problem.  
• Define a set of criteria.  
• Classify information between criteria (criteria 
weights).  
• Classify Information within criteria (preference 
functions and pairwise comparisons).  
• Classify a set of alternatives.  
• Asses total score of alternatives.  
 
Figure 2: Preference Functions used in PROMETHEE 
methods [17]. 
Where,  
q: Threshold of indifference.  
p: Threshold of strict preference.  
σ: intermediate value between q and p.  
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Aggregated Preference Indices were calculated using 
Equations (2 and 3) [11] 
Let a,b ЄA and:  
π(a, b) = ∑ PJ  (a, b). Wj
n
j=1                                               (2)                                                                                                                          
π(a, b) = ∑ PJ  (b, a). Wj
n
j=1                                               (3)                                                                                                                           
π(a,b) expresses the degree by which alternative ‘a’ is 
preferred to alternative ‘b’ over all the set of criteria 
considered and π(b,a) how alternative ‘b’ is preferred to 
alternative ‘a’. Consequently π(a,b) and π(b,a) are 
usually positive. The following properties hold for all 
alternative ‘a’, ‘b’. 
π (a,a) = 0.          0 ≤ π (a,b) ≤ 1          0 ≤ π (b,a) ≤ 1. 0 
≤ π (a,b) +  π(b,a) ≤ 1. 
 π (a,b) ≈ 0 weak global preference of a over b.  π (a,b) 
≈ 1 strong global preference of a over b.  
Brans calculated positive and negative outranking flows 
using Equations (4 and 5):  
Positive outranking flow: 
Φ +(a) =  
1
n−1
∑ π (a, x)xЄA                                              (4)                                                                                                                                                                                                                                                                                                              
Negative outranking flow: 
Φ −(a) =  
1
n−1
∑ π (x, a)xЄA                                              (5)                                                                                                                                                                                                                           
 
3. Integration of AHP and 
PROMETHEE. 
AHP is a decision making method that could be used as 
an assessment tool, which determines the degree of 
importance of alternatives by pair wise comparisons. 
PROMETHEE is an outranking decision making 
method.  
Kasim et.al (2016) [19] listed some of the strong and 
weak points of the methods as follows: 
AHP is easy to use for handling of complex problems. 
If the number of criteria exceeds seven, problems get 
more complicated in PROMETHEE. 
There is no fundamental method for calculating weights 
in PROMETHEE. This process was achieved 
analytically in AHP. The relative importance is 
understood better by pairwise comparisons. 
AHP has sub-systems that could generate more data to 
work on while in PROMETHEE, it is possible to reach 
a solution with fewer data. 
The results from PROMETHEE, can be explained using 
better visual representations and the effect of each 
criterion on an alternative can be understood more 
easily. 
Geometrical Analysis for Interactive Aid (GAIA) 
techniques also help with visualization of the analysis. 
The weight of a criterion in PROMETHEE and AHP is 
a measure of how important it is with respect to other 
criteria. Weight of a criterion in PROMETHEE is any 
positive number that depicts the criterion relative 
importance. Visual PROMETHEE weights are 
automatically normalized so that their sum is equal to 1.  
PROMETHEE has no known fundamental scale of 
measurement to validate the comparison judgments. The 
fundamental scale of values to describe the intensities of 
judgments by Satty &Vagas was authenticated for 
effectiveness, not only by several people in many 
applications but also through theoretical validation of 
what scale might be used in comparing homogeneous 
elements [12]. 
In the work presented in this paper, the weights of each 
criterion in AHP are derived through pair wise 
comparisons. Weights of criteria and sub criteria were 
evaluated in AHP and then used in PROMETHEE. In 
that way, risk could be predicted by combining both 
approaches to rank the alternatives.  
The new AHP-PROMETHEE approach has six steps. 
These are: 
• Defining the problem. 
• Defining the criteria, sub criteria and alternatives. 
• Formation of the hierarchy structure using AHP. 
• Calculation of weights of criteria using AHP. 
• Determining the calculation table and preference 
functions for PROMETHEE outcome. 
• Full ranking with PROMETHEE II. 
 
4. Leak in a storage tank. 
The problem considered in this paper was to predict 
which tank was most likely to have a leak.  The first step 
was to identify the causes that could lead to a leak in a 
storage tank [20].  4 main criteria divided into 12 sub 
criteria were identified (Figure 3). They are: 
• Level control failure: sensor level failure, valve 
shut off response failure, incorrect alarm 
response, and acoustic signal.    
• Operator failure: fatigue defect, operator 
distracted. 
• Loss of leak tightness: tank breaking, 
corrosion, insufficient revisions, re-
enforcement breaking. 
• Environmental effect: terrorist attack, 
earthquake.       
The alternatives to be evaluated were four storage tanks: 1, 
2, 3 and 4. 
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Figure 3: AHP Hierarchy model to predict a leak in a tank 
4.1 Determining criteria weights 
The weights of the main and sub criteria were 
ascertained using AHP. Frequency of events or 
undesired events needed to be determined. Frequencies 
were determined using data from fuel storage research 
[21, 22]. The frequency of the main criteria can be seen 
in Table 1. It was scaled using 1-9 where 1 is the least 
important and 9 is the most important. 
Table 1. Frequency of main criteria 
Main criteria Frequency Scale of 1-9 
Level control failure 0.72 9 
Operator failure 0.0018 3 
Loss of leak tightness 0.012 6 
Environmental Effect 0.000725 1 
 
Using the scale 1 – 9 were number 1 suggested that the 
criterion under consideration were of equal importance 
and a value of 9 suggested that the criterion under 
consideration was of extreme importance compared to 
other criterion, the pairwise comparison of the main 
criteria is shown in Table 2. The reciprocal of the 
assigned value was assigned to the less important 
criterion and perfect consistency between criteria was 
ascertained. 
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The data in Table 2 were processed to determine the weights 
of the criteria. The consistency index which is the index of 
the consistency of judgements across all pairwise 
comparisons was also determined using the method in [23]. 
Pairwise comparison, weights and consistency index for 
each sub criteria were determined.  AHP was used to 
calculate the sub criteria weights from the main criteria 
weights (Table 3). This was achieved by multiplying the 
main criteria priority vector by its sub criteria priority vector. 
Table 3 shows the weights of the criteria and sub criteria. 
According to Table 3 “incorrect alarm response” was the 
most important criterion and “earthquake” the least 
important criterion for this study.  
Table 3. Calculating weights of sub criteria according to 
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4.2 Applying Visual PROMETHEE  
The project alternatives were sequenced via PROMETHEE 
after calculating weights in AHP. Visual PROMETHEE was 
used for analysis. The data for the model with criteria and 
alternatives are shown in Figure 4. Random numbers 
between 1 – 9 were generated to create test cases for 
alternatives with respect to the 12 sub criteria. The numbers 
for the alternatives were randomly generated. The 
preference was set to “min”. The preference functions for 
each criteria were: The upper limit of the sensor level valve 
failure criteria, valve shut off response, incorrect alarm 
response, were assumed to be 4ft, 5ft, 4, and a V-type 
function was used for these criteria. For the analysis of the 
other criteria, a Usual function was used. 
 
Figure 4: Screenshot of visual PROMETHEE used for the 
problem considered in this paper. 
4.3 Full Ranking with PROMETHEE II 
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Full ranking combining positive and negative priority values 
was performed by PROMETHEE II. The resulting ranking 
of the negative, positive and net flow (priority) values of 
alternative projects ordered in Table 4 showed that” Tank 1” 
was the first order (least likely to develop a leak), “Tank 4” 
was second and "Tank 2" was the third-best alternatives and 
''Tank 3'' has the highest probability for a leak to occur. This 
ranking was important as it determined alternatives with 
minimum risk. 
Table 4. PROMETHEE Flow Table 
 
 
4.4 The Factors Affecting  
The Worst Alternative 
Figure 5 shows a disaggregated representation of the 
strengths and weakness of an alternative or the uni-criterion 
net flow scores for Tank 3. A bar is drawn with as much 
number of criteria for each alternative. Each slice 
corresponds to a contribution of the criteria onto the Phi net 
flow score, and was the net outranking flow for each 
alternative, considering the weight of the criterion. The –ve 
Phi score (lower section) shows weakness and the +ve Phi 
score (upper region) shows strengths.  PROMETHEE II 
complete ranking results predicted that Tank 3 was most 
likely to have a leak. Tank 3 has +ve and –ve slices, meaning 
it performed better on some criteria and worse on other 
criteria. Figure 5 shows the criteria, showing the strengths of 
Tank 3 which were sensor failure and incorrect alarm 
response. Other criteria were weaknesses. Since Tank 3 
performed good on only two criteria and did not perform 
good on all other criteria, then Tank 3 would have the highest 
risk to have a leak.  
 
Figure 5: The criteria contributing to Tank 3. 
4.5 The geometrical GAIA plane 
The geometrical GAIA plane as shown in Figure 6 shows 
the dispersion of criteria depending on the values of 
alternatives. Vectors represent the criteria and the 
alternatives are represented by squares. The length of a 
vector for a specific criterion gives the effect of that criterion 
on the outcome of the problem. The resulting GAIA plane 
also shows the quality value for the analysis. The accuracy 
of the analysis gets higher as the quality value gets closer to 
100%. Quality values above 75% can be accepted as 
accurate and below 60% is inaccurate. If results had a quality 
value below 60%, the model and calculations should be 
reviewed and revised [11]. The quality value in Figure 6 was 
calculated as 88.8%, which meant that 12.2 % of overall data 
was lost. This loss could have been due to the use of non-
quantitative measures for some criteria.  
Vector pi (decision axis) was used to choose the top 
alternative and the decision makers should choose the 
alternatives on the pi axis [24]. In Figure 6, “Tank 1” was in 
the same direction as the pi axis which was consistent with 
the PROMETHEE II results. 
 







This paper described a new hybrid model created by 
combining two decision methods: AHP and PROMETHEE. 
The new model was used to help decision makers predict 
risk in a storage tank.  
A model with 4 criteria divided into 12 sub-criteria was 
created to select the storage tank with the highest 
probability of leak.  AHP was used for calculating criteria 
weights. Then the tank with highest probability of having a 
leak was predicted using PROMETHEE with criteria 
weights calculated in AHP. 
The main aim for using this hybrid method was to take 
advantage of these two efficient methods to predict and 
minimise risk. Pairwise comparison of the criteria with AHP 
method gave a coherent perception of the  weights of  the 
criteria and the PROMETHEE method defined a preference 
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function which varied for some criteria, providing a 
complete ranking of storage tank most likely to leak. 
This paper applied PROMETHEE II method with type 1 
preference function “usual criterion”, other types of 
preference functions might show different behavior and 
could enhance the stability of the method.”  
Full ranking combining positive and negative priority values 
was performed by PROMETHEE II. PROMETHEE II 
results predicted that Tank 3 was most likely to leak. It also 
showed the strengths and weakness of each tank. The 
strengths and weakness of each tank predicted what criteria 
to focus on each tank. The quality value of the analysis was 
calculated to be 88.8%. 
Results could aid operators mitigate or avoid potential 
process hazards and make timely decisions. Immediate 
corrective measures to reduce or eradicate the occurrence of 
the risk of leak accident of the tank should be taken. 
Future work will include the use of machine learning 
techniques and artificial neural networks to predict risk [25]. 
The sample learning for the input could be the data set 
covering the system faults listed as criteria or/and subcriteria. 
The output could imply the degree of a system fault which 
could be used to evaluate system risk and allow critical 
decisions. The decisions could reduce anomalies, enhance 
monitoring, and decrease threat levels [26]. Real world 
problems with larger number of alternatives (storage tanks), 
criteria (other major causes of leak) and subcriteria will be 
considered. Sensitivity analysis will be performed on both 
on both performance measures and criteria weights to 
provide a better understanding of a problem. Monte Carlo 
simulation and other approaches will be used to model 
uncertainty in more than one input factor at the same time to 
provide a better understanding of the problem 
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